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methazine hydrochloride in pharmaceutical formulations, based on the oxidation of promethazine
by cerium in an acidic medium. A portable system, consisting of a programmable syringe pump
connected to a potentiometer, was constructed. The developed change in potential during prometh-
azine oxidation was monitored. The related optimum working conditions, such as supporting elec-
trolyte concentration, cerium(IV) concentration and ﬂow rate were optimized. The proposed
method was successfully applied to pharmaceutical samples as well as synthetic ones. The obtained
results were realized by the ofﬁcial British pharmacopoeia (BP) method and comparable results
were obtained. The obtained t-value indicates no signiﬁcant differences between the results of the
proposed and BP methods, with the advantages of the proposed method being simple, sensitive
and cost effective.
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lsevier1. Introduction
Promethazine hydrochloride is chemically named as 10-N,
N-dimethyl-1-(10H-phenothiazine-10-yl)propan-2-amine hydr-
ochloride or 10H-phenothiazine-10-ethanamine,N,N,a-trimeth
yl-, monohydrochloride (Fig. 1). It is a white faintly yellowish
crystalline powder, very soluble in water, freely soluble in alco-
hol and in methylene chloride (British Pharmacopoeia, 2002).
Phenothiazines form a large class of basic drugs used primarily
for the treatment of moderate to severe mental disorders. They
can also be used as anti-emetics, sedatives, antipuritics,
antidyskinetics, analgesics and antihistaminics. Promethazine
hydrochloride is one of the most important drugs of the phe-
nothiazine group. As an antihistamine with H1-receptor antag-
onism, promethazine can be used for the symptomatic relief of
Figure 1 Reaction scheme of the promethazine oxidation by acidiﬁed cerium(IV).
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ally available as a mono component in dosage forms involving
injections, oral suspensions, tablets, suppositories and syrup.
There are several methods developed for the assay of pro-
methazine hydrochloride in pharmaceutical preparations
including titrimetric (Gowda and Ahmed, 1978; Basavaiah
and Swamy, 2001), spectrophotometric (Regulska et al.,
2002), ﬂuorimetric (Pena et al., 1993), chemiluminescence
(Alwarthan et al., 1993), high performance liquid chromatog-
raphy (Fox and McLoughlin, 1993), voltammetric (Wang
et al., 2001), potentiometric (Golbali and Showkati-Shishevan,
1991), electrophoresis (Wang et al., 1999), differential-pulse
voltammetry (Baxter et al., 1984) and conductimetric (Issa
et al., 2000). Recently, ﬂow injection analysis, combined with
different detectors including spectrophotometry, chemilumi-
nescence, spectroelectroanalysis and turbidimetry, have been
extensively studied for the assay of promethazine hydrochlo-
ride and other drugs in pharmaceutical products (Rama
et al., 2004; Abulkibash et al., 2000; Chen et al., 1991; Daniel
and Gutz, 2003; Calatayud et al., 1992; Idris et al., 2011; Saleh
and Abulkibash, 2007). Many of the mentioned methods have
disadvantages of being either indirect, lengthy, with narrow
linearity or employing conventional spectrophotometric
techniques.
Considering ofﬁcial standard methods, the BP method for
the assay of promethazine hydrochloride in the generic form
is a potentiometric titration with sodium hydroxide after dis-
solving the sample in ethanol and hydrochloric acid. A direct
spectrophotometric method is provided for the injection form,
the absorbance is measured at wavelength 249 nm after a series
of dilutions with hydrochloric acid.
However, a simple method for the detection of prometha-
zine hydrochloride based on its oxidation with cerium(IV) in
an acidic medium (Fig. 1) is described in this paper. The
parameters optimization will be discussed. The evaluation of
the proposed method will be highlighted in terms of accuracy,
precision and sensitivity, with validation by comparison with
British Pharmacopoeia standard method.
2. Experimental
2.1. Materials and reagents
Promethazine hydrochloride supplied by sigma P4651 was
used for preparing 0.001 mol L1 as primary standard solu-
tion. The primary standard solution and the working standard
solutions were immediately prepared before use. Ammonium
cerium sulfate-2-hydrate, CeNH4)4(SO4)4Æ2H2O from BDH
Chemicals Ltd., Poole, England was used to prepare
0.1 mol L1 in 0.01 mol L1 sulfuric acid. Standard working
solutions were prepared after standardization of stock solution
by sodium oxalate. Sulfuric acid, 95–98% (W/V1), 1.84 g L1,supplied by Fisher Scientiﬁc Co., Fair Lawn, New Jersey, USA
was used to prepare working standard solutions. Hydrochloric
acid, 31–32%, speciﬁc gravity 1.16 g L1, from BDH Chemi-
cals Ltd., Poole England, was used to prepare working stan-
dard solutions. Sodium hydroxide, 97% sodium hydroxide
supplied from Montplet & Steban SA, Barcelona, Spain, was
used to prepare 1 mol L1 stock solution. Standard working
solutions were prepared and standardized by potassium hydro-
gen phthalate. Nitric acid, 64–66% nitric acid, 1.4 g/L, from
Fluka Chemie AG, CH-9470 Buchs and packed in Switzer-
land, was used to prepare Aqua Regia, with safety precaution
(Saleh, 2011a,b). Perchloric acid, supplied from Fluka Chemie
AG, CH-9470 Buchs and packed in Switzerland, was used in
standard potentiometric titration for chlorpheniramine. Ether
supplied by BDH Chemicals Ltd., Poole England, was used in
the ofﬁcial method for the determination of chlorpheniramine
in tablet form.
Standard and reagent solutions were prepared in distilled
water. Blank solutions were prepared in the same way as for
that of working solutions. Tablets were prepared by triturating
20 tablets. Then, the required amount of powder was dissolved
in water and ﬁltered. The ﬁltrate was diluted to the required
volume.
2.2. Apparatus
Oscilloscope, provided by Tektronix, model 2213A 60 MHz,
was used to show the frequency and square wave of AC and
DC current. A digital voltmeter, provided by Agilent model
34401A was used to measure the differential electrolytic poten-
tial between the two electrodes. A microammeter is provided
by Simpson co. model no. 374 to measure the current that
polarizes the electrodes. A potentiometer provided by Mea-
sureNet Co. USA was used for applying the BP standard
methods. A computer controlled programmable syringe pump
supplied from J-Kem, Scientiﬁc USA was used in the differen-
tial electrolytic potentiometric titration for promethazine
hydrochloride to deliver the exact required volumes of the
reactants in microliters. An electronic magnetic stirrer and a
small magnet were used for proper mixing of the reactants.
The electronic circuit was used to generate an AC and DC
current for the polarization of electrodes and the consequent
measurement of the potential difference between them by a
voltmeter attached to the unit. Homemade glass cell was
designed with openings from the top; one slit is for the inser-
tion of the Teﬂon coils and the other two for the electrodes.
In this cell, where analysis takes place, the reactants were
mixed together. Two identical platinum electrodes were em-
ployed to detect the change in potential, and they are polar-
ized by the passage of current through them. The system is
small and easy to carry. It can be used for point of care
applications.
Figure 2 Schematic diagram of the proposed system constructed for promethazine assay, with EC: electronic circuit; V: voltmeter; OS:
oscilloscope; AM: microammeter; PC: personal computer; SP: programmable syringe pump; MPV: multiposition valve; H: sulfuric acid;
Ce: cerium IV; PR: promethazine hydrochloride; WE: wire with two electrodes; G: glass cell; MS: magnetic stirrer.
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As depicted in Fig. 2, a suitable system was constructed for
performing a newly adopted method for the assay of prometh-
azine hydrochloride based on the oxidation of promethazine
by cerium IV in acidic medium. A suitable program was writ-
ten to control the process. The system involves the employ-
ment of a programmable syringe pump to deliver the
volumes into the cell where the electrolysis occurs by the aid
of polarized identical platinum electrodes. The polarization
of the electrodes takes place when a minute current passes
through them; the current was generated by the electronic cir-
cuit and measured by the microammeter. The voltammeter
was used to measure the potential difference between the
two electrodes and the oscilloscope to show the status of the
current.
The recommended process for the assay of promethazine
hydrochloride using the programmable syringe pump is as
follows. First, the syringe pump was connected to the sys-
tem. Second, each reagent was connected to a speciﬁed port;
port 1 for promethazine, port 2 for the acid and port 3 for
CeIV. Third, microliters of promethazine solution were
delivered into the cell. Then, the supporting electrolyte, sul-
furic acid, was added and stirred with a magnetic stirrer.
The reaction of promethazine was then performed against
CeIV. At the same time, the endpoint was detected by the
voltammeter.
3. Results and discussion
3.1. Conditions optimization
The optimum parameters were investigated for the determi-
nation of promethazine hydrochloride in order to establish
the optimum working conditions. The process of prometha-
zine hydrochloride assay based on its oxidation by ceriu-
m(IV) in sulfuric acid medium, is affected by factors
including ﬂow rate, supporting electrolyte concentration, cer-
ium(IV) concentration and type of electrodes.3.1.1. Flow rate
The effect of ﬂow rate on the peak responses was studied in
the range of 1–100 lL s1. The ﬂow rates in the range of
1.0–10.0 lL s1 could be usable, but peak tailing was ob-
served. At ﬂow rates in the range of 40–100 lL s1, the peak
was not high. Optimum ﬂow rate into the reaction cell exert-
ing peak symmetry to provide suitable output was obtained
at 20 lL s1 and employed, in the rest of experiments.
3.1.2. Effect of sulfuric acid concentration
Preliminary studies showed that sulfuric acid as a supporting
electrolyte gave the best results as it facilitates the transfer of
electrons during electrolysis. Adding supporting electrolyte in
a proper concentration is sufﬁcient to lower the resistance
potential to an insigniﬁcant value. Rapid stirring of solution re-
sults in a uniform concentration in the bulk. Since ions carry the
current, electromigration of the reacting species will occur
(Saleh and Abulkibash, 2011). The addition of a background
electrolyte minimizes such migration, which depends upon the
conductivity of the electrolyte solution and the amount of cur-
rent ﬂowing but not on electrochemical processes. These results
are evaluated and it was found that the optimum concentration
ranges between 1 · 103 mol L1 and 1 · 102 mol L1.
3.1.3. Effect of cerium(IV) concentration
Cerium(IV) in sulfuric acid seems to have a profound effect on
the process and since it has strong oxidizing capabilities, it is
used with great success in this system with concentrations
ranging from 5 · 105 to 1 · 103 mol L1 with respect to dif-
ferent concentrations of the analyte. The procedure was based
on the oxidization of promethazine hydrochloride by ceriu-
m(IV) in an acidic medium and the generation of a potential
difference between the two electrodes in the electrolyte solu-
tion, which is detected electrically by a voltmeter connected
to the system.
3.1.4. Electrodes
Two identical platinum electrodes were used. They were ﬁxed in
a speciﬁc position in the reaction cell and immersed in the solu-
Figure 4 DEP titration curve of 1 mL of 5 · 104 mol L1
promethazine with 8 · 104 mol L1of Ce(IV) and 2 mL of
5 · 103 mol L1 H2SO4.
158 T.A. Saleh et al.tion in a way not to touch the bottom of the cell to avoid acquir-
ing any kind of resistance. The electrodes were connected to an
electronic circuit and an ammeter, and then the differential elec-
trolytic potential between the two polarized electrodes wasmea-
sured by the voltmeter. A current, needed to polarize the
electrodes, was optimized. The optimum value was 5 lA. The
potential of the polarized electrode is changed and it is different
from that at zero current. Anodic polarization makes the poten-
tial more positive than zero current, while cathodic polarization
results in negative potential. This difference in potential is due to
overpotential (Saleh and Abulkibash, 2011).
3.2. Method development
Unlike normal potentiometric titrations in which the endpoint
is determined by plotting the potential against the volume or
the ratio of DE/DV against the volume; here, the endpoint is
determined directly at the highest point of the curve of poten-
tial against volume. To determine the end point for each titra-
tion, a titration curve was graphed by plotting the potential in
millivolts against volume of cerium(IV) in microliters. The
highest point of the curve corresponding to the highest poten-
tial reading is the endpoint. The volume is found at this poten-
tial (Fig. 3). The determination of the cerium(IV) volume leads
in turn to the determination of the number of moles of ceriu-
m(IV) that reacted with promethazine hydrochloride. To do
this a number of titrations were performed under the optimum
conditions.
To calculate the number of moles of cerium(IV) that
reacted with promethazine, ﬁrst the volume reading was taken
from the graph, and then the equation: [number of
moles = (molarity · volume)/1000] was used to calculate the
number of moles for Ce(IV) and for promethazine hydrochlo-
ride reacted with each other.
As shown in Fig. 4, number of moles of Ce(IV) can be calcu-
lated as: 8 · 104 mol L1 · 0.7(mL)/1000 = 5 · 107 mol. In
addition, that of promethazine HCl: 5 · 104 mol L1 ·
1(mL)/1000 = 5 · 107 mol. From Fig. 5, number of moles of
cerium(IV), 1 · 103 mol L1 · 0.5(mL)/1000 = 5.0 · 107Figure 3 Titration curve of 1 mL of 5 · 104 mol L1 prometh-
azine with 10 · 103 mol L1of Ce(IV) and 2 mL of
5 · 103 mol L1 H2SO4.mol which is equal to that of promethazine HCl; 5 · 104
mol L1 · 1(mL)/1000 = 5 · 107 mol. As it can be observed
in Fig. 6, number of moles of cerium is equal to 2.5 · 104
mol L1 · 0.5(mL)/1000 = 1.25 · 107 mol; and number of
moles of promethazine HCl is 1.25 · 104 mol l1 · 1(mL)/
1000 = 1.25 · 107 mol. Also, as it is depicted in Fig. 7, number
of moles of cerium(IV) is equal to 2.5 · 104 mol L1 ·
0.5(mL)/1000 = 1.25 · 107 mol which is in equivalent to that
of promethazine HCl; 1.25 · 104 mol L1 · 1(mL)/1000 =
1.25 · 107 mol. In addition, Fig. 8 depicts the titration curve
of cerium with promethazine HCl, and the number of moles is
equal: For cerium(IV), 2.5 · 104 mol L1 · 0.5(mL)/
1000 = 1.25 · 107 mol and for promethazine HCl, 2.5 · 104
mol L1 · 0.5(mL)/1000 = 1.25 · 107 mol. From the ﬁndings
it can be concluded that one mole of cerium(IV) reacted with
onemole of promethazine hydrochloride, to give a very accurate
endpoint.Figure 5 Titration curve of 1 mL of 5 · 104 mol L1 prometh-
azine with 1 · 10 3 mol L1 of Ce(IV) and 2 mL of 5 · 103
mol L1 H2SO4.
Figure 6 Titration curve of 1 mL of 1.25 · 104 mol L1 pro-
methazine with 2.5 · 104 mol L1of Ce(IV) and 2 mL of
1 · 103 mol L1 H2SO4.
Figure 7 Titration curve of 1 mL of 1.25 · 104 mol L1 pro-
methazine with 2.5 · 104 mol L1of Ce(IV) and 2 mL of
5 · 103 mol L1 H2SO4.
Figure 8 Titration curve of 0.5 mL of 2.5 · 104 mol L1
promethazine with 2.5 · 104 mol L1of Ce(IV) and 1 mL of
1 · 103 mol L1 H2SO4.
Table 1 Comparison: results obtained by the proposed
method and BP method for the analysis of promethazine
hydrochloride.
Sample mg Recovery (%) RSD (%)a
Proposed system BP method
Synthetic 15 99 98 1.9
Histolac 25 95 96 1.8
a The relative standard deviation (RSD) of ﬁve determinations
(n= 5).
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3.3.1. Precision
The intra-day precision was tested with ﬁve repeated injections
of two sample solutions of different analytes concentrations.
The relative standard deviations (RSD) were 1.4 and 1.7%
at the 200 and 100 lg/mL level, respectively. The inter-day pre-
cision of the method was studied by analyzing the ﬁrst sample
ﬁve times every day, for ﬁve consecutive days. The RSD was
1.9%.
3.3.2. Recovery and application
To validate the newly adopted method, a synthetic sample was
prepared. In addition, the available pharmaceutical formula-tions containing the drug under study were collected from
the drug stores. Both the proposed method and the BP stan-
dard method were applied to the collected samples. For BP
standard method, 20 tablets of promethazine hydrochloride
were weighed and powdered. A powder containing 50 mg of
promethazine hydrochloride was dissolved in 10 mL of
2 mol L1 hydrochloric acid and then 200 mL of water was
added. The mixture was shaken for 15 min and sufﬁcient vol-
ume of water was added to produce 500 mL. Fifty milliliters of
the mixture was centrifuged. 10 mL of 0.1 mol L1 hydrochlo-
ric acid was added and sufﬁcient volume of water was added to
produce 100 mL. The absorbance of the resulting solution was
measured at 249 nm. It was found that there is no signiﬁcant
difference between the proposed and BP methods (Table 1);
t-test was found to be 1.1, which is less than the tabulated t.
The RSD of the proposed method was 1.9%, which is less than
2.1% of ofﬁcial method. The ingredients in the tablets did not
interfere in the experiments. The results obtained showed
acceptable accuracy and repeatability.
4. Conclusion
This paper reports a system of programmable syringe pump
with potentiometer for the assay of promethazine hydrochlo-
160 T.A. Saleh et al.ride in pharmaceutical formulations. The method relies on the
oxidation of promethazine with cerium(IV) in acidic medium.
The parameters were optimized and the related optimum
working conditions were; for supporting electrolyte concentra-
tion sulfuric acid, ranges from 1 · 103 mol L1 to
5 · 103 mol L1, cerium(IV) concentration ranges from 5 ·
105 mol L1 to 1 · 103 mol L1, DC current of 5 lA and
ﬂow rate of 20 lL s1. The adopted method was validated
compared with the BP method. They do not appear to have
signiﬁcant differences. However, the proposed system is small
and easy to carry and has the advantages of being simple auto-
mated, fast, sensitive with a sampling rate of 20 samples per
hour, and save-cost. Thus, it may be suitable for point of care
applications and quality control laboratories. It is suitable for
satisfying the increasing demand for control and routine anal-
ysis in many ﬁelds of analytical chemistry.Acknowledgment
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